Purpose This study reviewed outcomes on laparoscopic management of hiatus hernia (HH) in the pediatric age group. Methods MEDLINE/PubMed was reviewed. Studies in patients ≤ 17 years and published in English/Portuguese/Spanish were included, and selected by two reviewers. Data was collected for previous surgery, neurological impairment, type of HH, associated fundoplication, surgical technique, conversions, recurrence, follow-up and mortality. Results are presented as percentages and means. Fisher's Exact Test was used to evaluate categorical variables, and statistical difference was considered when p ≤ 0.05. Results Ten articles with n = 171 met the inclusion criteria. Mean age were 66.1 months (range newborn-17 years) with male predominance (n = 110, 64.3%). Neurological impairment was reported in 10/35 children, but the information was not available for the majority of cases (n = 136; 79.5%). Type-I HH was reported in 15 children, type-II in seven, type-III in eight, and it was not specified in n = 141 (82.5%). Surgical correction was associated with fundoplication in n = 170 (99.4%; n = 99 Nissen, n = 68 Thal, n = 3 not specified). Patch was not used in the majority of cases (n = 167, 97.7%). There were seven conversions (4.1%), five recurrences (2.9%) and no mortality. Complications were reported in n = 27 (15.8%), esophageal stenosis being the most common (n = 24; only five required treatment). Mean follow-up was 19.7 months (range 1-138 months). Conclusions Pediatric reporting on laparoscopic HH management is scarce, and important information is frequently omitted (e.g., neurological impairment, type of HH). The preferred approach is associated with Nissen/Thal fundoplication without patch. Recurrence occurred in less than 3% of the cases, and complications are minor, without mortality.
Background
Hiatus or hiatal hernia (HH) refers to stomach herniation through the esophageal hiatus [1] . Four types are described: sliding hernia or type-I, the most common, in which the gastroesophageal junction migrates into the chest; paraesophageal hernia or type-II, with herniation of the gastric fundus but with the esophagogastric junction in normal position; and mixed hernia or type-III, with elements of types I and II [2] [3] [4] [5] . Some authors describe the type-IV HH, when a structure other than stomach (omentum, colon or small bowel) is found within the defect [6, 7] .
Surgical repair is always indicated for types II, III and IV due to possible complications, including gastroesophageal reflux disease (GERD), strangulation, hemorrhage, gastric volvulus and perforation [3, 4] . In cases of type-I HH, surgery is usually indicated in the event of medically intractable GERD or its complications [3] . In any case, the procedure aims to return the herniated contents into the abdominal cavity and to repair the hiatus [8, 9] . Laparoscopy has become the approach of choice for the management of HH in most centers [1] .
There is little pediatric published data on this topic [9] , and this is the first systematic review on management of HH in pediatric patients. The aim of this study was to analyze 1 3 outcomes of laparoscopic approach in this age group, with focus on type of HH, associated fundoplication, conversions, recurrence, follow-up and mortality.
Methods
Systematic search of MEDLINE/Pubmed database was performed with the following terms: hiatus hernia/hiatal hernia/ hiatoplasty, laparoscopy/laparoscopic and child/children. All published papers that resulted from this search were considered for this review, regardless the publication year. The inclusion criteria were: (a) reports with description of cases of HH treated with the laparoscopic approach in patients under 17 years of age and (b) published in English, Portuguese, or Spanish. Exclusion criteria were: (a) unclear case/ cohort documentation and (b) unavailability to full article. Before exclusion, authors were contacted to clarify information or provide full text, but there was no reply obtained.
Two reviewers independently performed eligibility assessment and data extraction. Data was collected for age, gender, comorbidities, previous surgery, neurological impairment, type of HH, associated fundoplication, surgical technique, conversions, recurrence, follow-up and mortality.
Descriptive statistics were used to analyze the quantitative portion of the study, with results presented as percentages, means and medians. To study possible associations, Fisher's Exact Test was used to evaluate categorical variables. Analyses were conducted with R, version 3.5.0 (R Core Team, Vienna, Austria), and statistical difference was considered when p value ≤ 0.05.
Results
The literature search revealed 258 articles, with ten studies meeting the inclusion criteria [1, [9] [10] [11] [12] [13] [14] [15] [16] [17] , as detailed in the flow diagram ( Fig. 1 ). All studies were retrospective and most papers consisted of case reports and case series, as shown in Table 1 . A total of 171 patients were included. The mean and median ages were 66.2 and 24 months, respectively (standard deviation: 73.9, range: newborn-17 years). There were 110 (64.3%) males and 61 (35.7%) females.
Neurological impairment was reported in 10/35 (28.6%) children, but the information was not available for the majority reported (n = 136). Other associated conditions were present in 11 (6.4%) children: four cardiac malformations, two congenital diaphragmatic hernias (CDH), one extralobar sequestration (ELS), one asthma, one gastroschisis, one superior mesenteric artery syndrome and one Pierre Robin syndrome.
Previous surgery was described in six (3.5%) cases: one child had a CDH repair 6 months prior to HH correction, the other child with CDH had a repair and Nissen fundoplication concomitantly, one child had a history of gastroschisis closure and previous open HH repair, two children had previous gastrostomy and laparoscopic fundoplication, and one child had a history of Nissen fundoplication. Surgical history was not mentioned in nine children and the authors considered that these children had not been submitted to any previous procedures. The child with ELS was submitted to its resection in the same operation as the HH repair.
The type of HH was mentioned for 30 children: type-I was reported in 15 (50%), type-II in seven (23.3%), type-III in eight (26.7%).
Surgical correction of HH and fundoplication were performed in n = 166 (97.1%; n = 98 Nissen and n = 68 Thal), as seen in Fig. 2 . Three children that were not submitted to antireflux surgery in the same procedure had a previous history of fundoplication, but in these children the technique was not specified. One 3-week-old infant that did not receive a fundoplication as part of the initial procedure, and later had a Nissen fundoplication due to persistent GERD symptoms. Considering pre-, trans-and post-hiatus hernia correction, n = 170 (99.4%) were submitted to fundoplication. The only patient that was not submitted to anti-reflux surgery was a 17-year-old girl with type-II HH.
Patch was not used in the majority of the pediatric patients (n = 167, 97.7%). In three children a bioabsorbable material was used, and in one child a polytetrafluoroethylene patch was employed. No association was found between the recurrence and fundoplication without patch (p = 1.00, Table 2 ). There were 7 conversions (4.1%): 3 children due to technical difficulties encountered by the surgical team, one child with an iatrogenic esophageal perforation during laparoscopy, one child did not tolerate the pneumoperitoneum, one child with severe abdominal adhesions, and the reason for conversion was not specified in one child.
Five recurrences (2.9%) were reported, all in children that did not get patch repairs (two with initial Nissen and three with Thal fundoplication), and all required reoperation, during which Nissen was performed. No association was found between type of fundoplication and recurrence (p = 0.40, Table 3 ). There was no mortality.
Complications were reported in 27 children (15.8%), esophageal stenosis being the most common (n = 24), but only five required balloon dilation. Nissen fundoplication was associated with postoperative complications (p < 0.05, Table 3 ), but when considering only cases that required intervention, no association was found between type of fundoplication and complications (p = 0.65, Table 3 ). The follow-up period was mentioned in seven children, with mean and median period of 19.7 and 6 months, respectively (range 1-138 months).
Discussion
Laparoscopic HH repair is well established for the adult population, but the pediatric literature is limited and several issues regarding operative technique are unresolved [11] .
Karpelowsky et al. showed that 60% of their initial pediatric cases that did not have an associated anti-reflux procedure developed significant GERD [18] . There are no studies in children proving that routine use of fundoplication is beneficial, but considering there is a disruption of the normal anatomical and physiological gastroesophageal junction due to both HH and its repair, addition of an anti-reflux procedure may treat previously existing reflux and additionally decrease the risk of HH recurrence [1, 8, 18, 19] . Accordingly, as shown in the present study, most authors perform HH repair with an associated anti-reflux procedure.
Another point of controversy refers to the fundoplication technique. Hu et al. retrospectively compared Nissen-Rossetti (n = 72) and Thal (n = 60) laparoscopic fundoplication in children with HH, and found longer period to full feeding (p = 0.004) and more esophageal stenosis (p = 0.007) in the Nissen-Rossetti technique, although the difference was only for slight stenosis, since there was no difference for severe cases (p = 0.380), which is in accordance to findings in the present study [9] .
In a prospective randomized trial, Kubiak et al. studied GERD patients with 21 years or less and a median follow-up of 30 months. Considering neurologically impaired children (n = 127), there was a significantly higher failure rate and the need to perform a redo for the Thal group than for the Nissen group (15.9% versus 5.9%; p = 0.038). In neurologically normal children (n = 40), there was no significant difference between both techniques. In their study, severe dysphagia was found to be significantly more common in the Nissen group (p = 0.020) [20] .
In a retrospective study of long-term outcome after laparoscopic fundoplication that included only neurologically normal children with GERD, Esposito et al. reported no difference in intraoperative and postoperative complications, dysphagia and redo surgery with Nissen (n = 94), Toupet (n = 96) and Thal (n = 48) techniques.
Up to date, there is no convincing evidence to suggest that one technique is superior to the others, and most surgeons perform the procedure with which they are most familiar [9, 16, 20] .
Regarding patch use, no consensus has been reached as well [2] . St. Peter et al. studied the use of mesh in iatrogenic HH repair after laparoscopic Nissen fundoplication in children, and found recurrences had only occurred after redo operations in which patch was not used [22] . Nevertheless, they did not advocate primary patch placement due to better results after adding esophagocrural sutures at the initial operation, which is supported by other authors [18] . The low number of recurrences could be attributed to the short follow-up, but another possibility is that the HH repair may be more commonly tension-free in pediatric patients.
Three of the patients included in this study had previous surgical conditions that predispose to elevated abdominal pressure (n = 2 CDH and n = 1 gastroschisis), and they could have played a role in the HH pathogenesis.
The main reason for conversions were technical difficulties, and, although laparoscopic HH repair might not be considered a complex operation, it still requires the presence of an experienced laparoscopic pediatric surgeon [21] .
Recurrence and complication rates were low, and there was no report of wrap transmigration in this systematic review; but these findings could be due to the short followup period. Nevertheless, all complications were minor and managed without surgery.
No association between type of HH and neurological impairment versus recurrence could be studied, because the reports with recurrent cases neither specified the type of hernia encountered nor the degree of neurological disability.
The present study has limitations as (a) it included only papers published in English, Portuguese and Spanish, and consists mainly of case reports and small series and (b) some reports contained incomplete data (neurological impairment, previous surgery, type of HH, type of fundoplication and follow-up period). Another limitation was that many studies did not separate HH patients from patients with GERD without HH, and were excluded from this review.
However, the strength of this study is the provision of much-needed information about laparoscopic options in pediatric HH, and it urges the need for better reporting quality.
Conclusions
This is the first systematic review on outcomes of laparoscopic approach for HH in children. It occurred more frequently in male patients, at a mean age of 5 years.
Unfortunately, most papers failed to report valuable features regarding HH, such as the presence of neurological impairment, previous surgery, type of HH, fundoplication technique and follow-up period.
Nevertheless, laparoscopic HH repair with fundoplication without patch is the preferred approach as a safe and feasible procedure in experienced hands, at least in the short-term follow-up.
